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Abstract
The boundary layer flow in a Rayleigh-Be´nard convection cell of
rectangular shape has been visualized in this fluid dynamics video.
The experiment has been undertaken in air at a Rayleigh number Ra =
1.3×1010 and a Prandtl number Pr = 0.7. Various sequences captured
at selected positions of the heating plate show that the boundary layer
is a very transient flow region characterized by coherent structures that
permanently evolve. It becomes fully turbulent in the areas where the
large-scale circulation impinge or leave the bottom plate.
Whenever predicting the convective heat flux from a hot or cold surface
to a surrounding fluid assumptions on the general structure of the convective
boundary layer - this is the small fluid layer adjacent to the wall - have to
be made. Although this layer has been, and still is, the object of numerous
experimental and numerical investigations a comprehensive model being ap-
plicable in a wide range of parameters is still missing. Our flow visualization
may contribute for a better understanding of this very complex flow field
particularly in gases with Prandtl number Pr ≈ 0.7.
The flow visualization was accomplished in a large-scale Rayleigh-Be´nard
experiment, the ”Barrel of Ilmenau“. This facility consists of an adiabatic
cylinder with a diameter of D = 7.15 m and a variable distance H between
the heated bottom and the cooled top plate adjustable from H = 0.05 m and
H = 6.30 m. It is filled with ambient air with Prandtl number Pr = 0.7.
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In order to confine the convective flow in a single plane a rectangular box
with the size of 2.5 × 2.5 × 0.6 m3 (height × width × depth) has been
separated from the entire space of the test cell. A temperature difference
∆T = 10 K has been applied between the heating and the cooling plates
resulting in a Rayleigh number Ra = 1.3×1010. A vertical Laser light sheet,
as high as 70 mm and as thick as about 2 mm, has been generated along
the entire length of the bottom plate. Cold-atomized droplets of Di-ethyl-
hexyl-sebacat (DEHS) of 1 µm in size have been added to the air. Using
a CANON EOS 600D camera in the High-Definition video mode (1920 ×
1080 pixels, 30 frames per second) movies of the particle motion adjacent to
the heating plate have been captured at various positions along the path of
the convective circulation.
Those sequences that have been embedded in the movie show the flow
field at the center position of the plate as well as at two specific areas
where the large-scale circulation impinges or leaves the plate. In the center
position the flow field is characterized by a very transient behavior. Coherent
structures like thermal plumes or eddies permanently evolve. They always
penetrate the boundary layer which is as thick as about one third of the total
height of the visualized flow field. Only from time to time the flow becomes
laminar as shown right at the beginning and at the end of the first sequence.
At the other two areas close to the vertical side walls the boundary layers
behave virtually turbulent over the entire duration of the visualization.
Our movie clearly demonstrates that the boundary layer in turbulent
Rayleigh-Be´nard convection is a very transient flow region even at the rela-
tively moderate Rayleigh number Ra = 1.3× 1010. It is strongly character-
ized by coherent structures breaking again and again the laminar structure
of the flow along the surface of the plate. At those areas where the large-
scale circulation impinge or leave the bottom plate the flow field tends to
become fully turbulent.
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